Abstract Background There are 34 million people living with human immunodeficiency virus (HIV) worldwide and each year this number increases. Until a vaccine is discovered, the prevention of new HIV infections remains an urgent priority. Several trials studying the use of oral and topical agents for the prevention of HIV infection have already been completed. Adherence has proved to be a major challenge in achieving product efficacy. Aim of the review To provide the clinical pharmacist with an understanding of the oral pre-exposure prophylaxis (PrEP) and topical microbicide product pipeline whilst emphasizing the critical importance of adherence to these drugs to avert HIV infection. Methods PubMed/Medline and the webbased clinical trials registry (ClinTrials.gov) were searched using appropriate key words. For the time period 1992-2013-all phase II and phase III safety and effectiveness studies-testing agents for prevention of HIV infection were included in the review. Efficacy estimates, adherence estimates and reported challenges with adherence were extracted. Results Twenty-four phase II and III clinical trials were found during review. Of these, 20 trials have been completed, and six trials show effectiveness in preventing HIV infection. The majority of the successful trials were to oral PrEP and to date only one microbicide trial of a vaginal antiretroviral microbicide gel has showed effectiveness. Adherence to study product played a major role in trial outcomes and there are several reasons for nonadherence. These include high on-trial pregnancy rates, low trial retention rates, low participant perception of risk, participant characteristics such as age \25 years, single status, migratory partners and trial fatigue. Study product characteristics such as dosage form, dosing interval, as well as associated adverse events may also influence adherence. Conclusion Moderate to high adherence is critical to demonstrate efficacy of drugs for HIV prevention. For topical agents, intermittent use associated with coitus is more effective than daily use, particularly if sex is infrequent or partners migrant. For oral agents, daily use is effective but the motivation to use the drug and high risk perception is important. In serodiscordant couples, early initiation of highly active antiretroviral therapy in the infected partner affords almost complete protection to the negative partner. Drugs need to be tailored to the population at risk and availability of multiple drug options are important.
Abstract Background There are 34 million people living with human immunodeficiency virus (HIV) worldwide and each year this number increases. Until a vaccine is discovered, the prevention of new HIV infections remains an urgent priority. Several trials studying the use of oral and topical agents for the prevention of HIV infection have already been completed. Adherence has proved to be a major challenge in achieving product efficacy. Aim of the review To provide the clinical pharmacist with an understanding of the oral pre-exposure prophylaxis (PrEP) and topical microbicide product pipeline whilst emphasizing the critical importance of adherence to these drugs to avert HIV infection. Methods PubMed/Medline and the webbased clinical trials registry (ClinTrials.gov) were searched using appropriate key words. For the time period 1992-2013-all phase II and phase III safety and effectiveness studies-testing agents for prevention of HIV infection were included in the review. Efficacy estimates, adherence estimates and reported challenges with adherence were extracted. Results Twenty-four phase II and III clinical trials were found during review. Of these, 20 trials have been completed, and six trials show effectiveness in preventing HIV infection. The majority of the successful trials were to oral PrEP and to date only one microbicide trial of a vaginal antiretroviral microbicide gel has showed effectiveness. Adherence to study product played a major role in trial outcomes and there are several reasons for nonadherence. These include high on-trial pregnancy rates, low trial retention rates, low participant perception of risk, participant characteristics such as age \25 years, single status, migratory partners and trial fatigue. Study product characteristics such as dosage form, dosing interval, as well as associated adverse events may also influence adherence. Conclusion Moderate to high adherence is critical to demonstrate efficacy of drugs for HIV prevention. For topical agents, intermittent use associated with coitus is more effective than daily use, particularly if sex is infrequent or partners migrant. For oral agents, daily use is effective but the motivation to use the drug and high risk perception is important. In serodiscordant couples, early initiation of highly active antiretroviral therapy in the infected partner affords almost complete protection to the negative partner. Drugs need to be tailored to the population at risk and availability of multiple drug options are important.
Keywords Adherence Á Clinical trial Á HIV prevention Á Microbicides Á PrEP
Impacts on practice
• Orally administered tenofovir containing drugs demonstrate efficacy in preventing sexually transmitted HIV infection in several clinical trials.
• In 2012, the US FDA registered Truvada Ò for the new indication of prevention of sexually transmitted HIV.
• Topical antiretroviral microbicide agents are currently under study for vaginally and rectally administered protection against HIV infection.
• All prevention trials indicate that optimal adherence is essential for drug efficacy in order to avert HIV infection. In 2012, 30 years since the discovery of HIV; an estimated 34 million (range 31.4-35.9 million) people are reported to be living with HIV globally. UNAIDS reported that 2.5 million (range 2.2-2.8 million) people became newly infected in 2011 and 1.7 million people died that year from AIDS related causes [1] . The majority of infections are due to sexual transmission of HIV. Women, particularly those in sub-Saharan Africa, comprise more than half of all new infections [1] . The hyper-vulnerability of women in the HIV/AIDS pandemic is recognized to be due to a complex interplay of biological and socio-economic factors [2] . In other regions of the world, such as North America, Eastern Europe and central Asia, men who have sex with men; injection drug users and their sexual partners, demonstrate a disproportionate risk for HIV infection [1] .
Introduction
Effective global scale up of HIV treatment programs, prevention activities and declining annual HIV incidence are encouragingly becoming a reality [1] . Still incident HIV infections accrue each year. Therefore, in the absence of a vaccine, the need for effective HIV prevention agents remains a priority in both developed and developing countries. Over the last 20 years, several clinical trials have evaluated antiretroviral (ARV) and non-ARV drugs as either treatment, oral pre-exposure prophylaxis (PrEP) and/ or topical microbicide prophylaxis in preventing HIV infection [3, 4] . Whilst some studies have been successful others have failed.
A microbicide is a product that can be applied to the vaginal or rectal mucosa with the intention of preventing sexually transmitted infections including HIV. Microbicide dosage forms developed include sponges, films, gels (vaginal and rectal) and vaginal rings for topical application at the site of HIV exposure in the genital tract. However, the majority of clinical trials have been conducted on vaginal microbicides. Oral PrEP agents are ARV drugs that are administered to HIV negative individuals either daily or intermittently to prevent HIV infection. Recently, the US Food and Drug Administration (FDA), registered Truvada Ò for the indication of prevention of sexually transmitted HIV infection [5] .
Low adherence to drug has been described as the 'Achilles heel' of HIV prevention trials [6] . In clinical trials, adherence is measured either directly or indirectly where self-report, counts of returned drug and in some cases drug levels may be used alone or in combination with other measures to assess adherence [7] . Several barriers to adherence exist and these include, but are not limited to, low risk perception, partner non-disclosure, influence of partner beliefs on product use, poor comprehension of product use instructions and the influence of unknown efficacy of trial agents in placebo controlled trials [8] . Studies have also assessed the social and behavioral aspects of adherence and behavioral models that may positively influence adherence [9, 10] . Specifically, the question of how to obtain and sustain high adherence by individuals at risk for infection in order to achieve efficacy remains unanswered. Nevertheless, much progress has been made to better understand the barriers to adherence from previous clinical trial experience [7, 11] .
For the purpose of this review, we aim to contribute to the adherence for HIV prevention discussion by assessing adherence issues for drugs in the development pipeline and those previously tested for drug specific characteristics (viz. dosage form, dosing interval) and its possible influence on behavior for optimal adherence. We believe that potential barriers related to using the product characteristics itself must be better understood to enable us to inform uptake of these agents and assist our patients and clinical trial participants to better adhere to drugs for HIV prevention.
Aim of the review
This review aims to provide the clinical pharmacist with an understanding of the oral PrEP and topical microbicide product pipeline with an emphasis on the critical importance of adherence for drug efficacy required to optimally avert HIV infection. Importantly, the review also demonstrates how product characteristics could influence adherence and attempts to describe the adherence challenges experienced by patients taking drugs for prevention of HIV infection.
Methods
Several sources of information were reviewed to obtain product information relevant to this review article. Selection criteria for inclusion of studies in the review were restricted to: phase II and III clinical trials, utilizing drugs for the prevention of HIV infection, either completed or ongoing. A PubMed/Medline literature search was conducted using the key search terms: 'PrEP', 'HIV Prevention', 'Microbicides', and 'Clinical trial' for obtaining published clinical trial data. In addition, a web-based clinical trials registry (ClinTrials.gov) (URL: http://clinicaltrials.gov/) was used to ascertain information on currently active, registered but not yet recruiting and completed trials. ClinTrials.gov was selected because it is the most frequently used and is the largest clinical trials database in the world with a current holding of registrations from over 130,000 trials from more than 170 countries. This database was also used to cross reference trials located in the Pubmed/Medline search and to search for trials that may have been missed in the Medline search or were not yet published. Information on candidate agents planned for future clinical trial testing was obtained from AVAC: Global advocacy for HIV prevention (http:// www.avac.org/) and the Microbicides Trials Network (http://www.mtnstopshiv.org/).
Results
Several phase II and III clinical trials have been conducted in the past 21 years, investigating both ARV and non-ARV drugs in a variety of dosage forms and dosing intervals for the prevention of HIV infection. Trial results for adherence and effectiveness of oral PrEP and topical microbicides, along with potential barriers to adherence, are listed in Tables 1 and 2 respectively.
Oral PrEP agents for the prevention of HIV infection Table 1 , provides a comprehensive summary of phase II and III randomized control trials of oral PrEP drugs conducted between 2007 and 2012. Seven trials evaluating the efficacy of oral PrEP have been completed. Although varied, the target populations studied included individuals known to be at high risk for HIV acquisition; young women in Africa, MSM, serodiscordant couples and injection drug users (IDUs).
The partners PrEP trial [12] and the MTN 003 (VOICE) trial [13, 14] evaluated both tenofovir disoproxil fumarate (TDF) and tenofovir disoproxil fumarate/emtricitabine (TDF-FTC) as oral PrEP agents. With the exception of the Bangkok Tenofovir Study [15, 16] , which investigated TDF only, all other studies including the TDF2 trial [17] investigated TDF-FTC as the PrEP agent. HPTN 052 [18] differed from the other PrEP trials listed because it examined the early use of HAART in HIV infected individuals with CD4 cell counts of 350-550 cells/mm 3 to prevent HIV transmission to the uninfected partner compared to delayed initiation of full treatment in the infected partner. In most studies, study product was taken daily. The exception is a pilot study on safety and adherence in Kenya [19] , which tested an intermittent dosing strategy.
The TDF2, iPrEx, Partners PrEP, Bangkok Tenofovir Study and HPTN052 studies found PrEP and early initiation of antiretroviral therapy to be effective interventions in reducing risk for HIV acquisition. Efficacy estimates ranged between 44 and 96 %. In contrast, the FEM PrEP [20] and MTN 003 (VOICE) [13] studies did not show a reduction in risk for HIV acquisition. The FEM PrEP trial, the TDF and tenofovir gel arms of the VOICE study was stopped for futility in April 2011, September 2011 and November 2011 respectively. The VOICE trial continued with only the remaining TDF-FTC arm until its conclusion in August 2012. Results of the VOICE trial released in March 2013 found none of the treatment arms to be effective mainly due to suboptimal adherence [13] .
All studies reviewed provided standard risk reduction counseling and sexual reproductive health services (provision of condoms and treatment of STI's) in addition to standard adherence support counseling to participants (use and dosing instructions). Two studies developed a structured adherence support programme (ASP); ''Next Step'' counseling in the iPrEx trial, VOICE adherence strengthening program (VASP) was introduced in the VOICE study. The Bangkok study also included a structured interview as part of the ASP [7] . Self-report and pill counts were standard adherence measures used across all the studies and adherence calculated by these methods was typically high. Drug levels were also evaluated in seven of the studies reported in Table 1 [12, 13, 16, 17, [20] [21] [22] . In the FEM PrEP study adherence by self-report and pill count was 95 and 88 % respectively, but drug level concentrations indicative of recent pill use were found in less than 40 % of uninfected women at visits matched to the HIV infection window of seroconverters. In VOICE, overall adherence by self-report was 90 % however in a sub-study, drug levels were detected in only 30 % of TDF and 29 % of TDF-FTC participant samples at a specific visit [13] . In the iPrEx study the medication possession ratio (MPR), calculated by dividing the number of pills dispensed at a particular visit by the number of days that have elapsed from that visit to the next visit, provided a ratio of the number of days that participants would have been in 'possession' of study drug. MPR was found to be superior to pill count and was predictive of drug exposure [23] .
An intensive adherence sub-study in partners prep that involved unannounced home-visits for pill counts (UPC) and medication event monitoring system (MEMS) where each bottle opening was recorded, in addition to clinic selfreported adherence and pill counts, was carried out amongst 1,417 of the HIV negative participants. Additional counseling measures were undertaken in participants that had \80 % adherence by UPC. PrEP efficacy in the adherence sub-study was reported as 100 % [24] . The Bangkok Tenofovir Study allowed participants to choose between collecting medication on a monthly basis or daily clinic visits for a directly observed treatment (DOT) dose. Participants were allowed to change between the two choices at monthly visits. Overall adherence reported in the study was high. Adherence rates were found to be better amongst women and those 40 years and older. In participants with detectable tenofovir drug levels, efficacy increased to 74 % [15, 16] . A pilot study evaluating adherence to daily PrEP dosing compared to intermittent dosing (1 dose on Monday and Friday plus a post-coital dose) in MSM and FSW found daily dosing to have better adherence [19] .
Potential barriers to adherence within the clinical trials included younger age, with age less than 25 years was associated with a higher incidence of HIV infection in MSM [25] and marital status (unmarried women). In the VOICE trial lower drug concentrations and higher HIV incidence was demonstrated in younger, unmarried women compared to those over 25 and married [26] . In the pilot study conducted in Kenya, reported adherence barriers to intermittent dosing included difficulty in remembering to take an intermittent dose, alcohol use before sex, transactional sex, perception of risk and non-disclosure of PrEP use to partner which could negatively impact on motivation to use a post-coital dose [19] .
Perception of risk for HIV infection was also reported as a potential barrier to adherence. Over 70 % of women in the FEM PrEP trial did not perceive themselves to be at risk of infection [20] . TDF2 reported young migratory populations impacting on trial completion and retention as additional potential barriers to adherence [17] . Other barriers included side effects (adverse effects) to the drugs (nausea, diarrhea, dizziness) and social constraints of nondisclosure of PrEP use to the sexual partner.
Topical PrEP/microbicides for the prevention of HIV infection
The mechanisms of action of candidate microbicides that have undergone clinical trial testing can be divided into four distinct classes. The first class are the nonionic surfactants such as Nonoxynol-9 [27] or C31G [22] which has a non-specific mechanism of action and pathogens (like sperm and HIV) are killed by disruption of membranes. Second are the buffer agents that enhance the natural vaginal defenses by lowering the pH and potentially inactivate HIV e.g. Buffergel [28] . The third class are cell entry inhibitors which prevent HIV from attaching to, and fusing with, the host cells e.g. PRO2000 [29] , Carraguard [30] and Cellulose sulfate [31] . The latest and most effective class is the antiretroviral agents which act by inhibiting HIV from target cell attachment and/or replicating (examples are tenofovir and maraviroc). Dosing regimens could either be coitally dependent (dose administered around coitus) or non-coitally independent (routinely dosed, usually daily). Table 2 provides a comprehensive summary of phase II and III randomized placebo-controlled trials of topical PrEP, conducted between 1992 and 2012, and includes ongoing trials currently in the field. There have been 13 clinical trials completed where the effectiveness of 6 agents have been tested. Three further effectiveness studies assessing 2 more agents are currently underway.
Prior to 2010, all microbicide clinical trials failed to show effectiveness and some even demonstrated a potential for harm. The field began by testing Nonoxynol-9 (N-9), previously used as a spermicide, in a variety of dosage forms: sponges, films and vaginal gels [27, [32] [33] [34] and found either no effect on HIV risk or a potential for harm (i.e. increased risk for HIV infection). Populations initially selected in these early studies were sex worker cohorts, at high risk for infection, using test product in excess of what would be used in the general population and potentially damaging vaginal mucosa. Adverse events related mostly to genital mucosal irritation and vaginal douching practices, which could have diluted or washed away the microbicide, may have contributed to adherence problems. Apart from standard product use instructions no specialized adherence interventions are described in the N-9 studies.
As the field advanced, attention turned to agents with more specific mechanisms of actions and target populations began to resemble the general population more closely. Unfortunately, none of the trials studied showed effectiveness but several lessons were learnt about the critical importance of adherence. All trials testing SAVVY Ò (C31G) were stopped prematurely for futility [22, 35] and all reported that considerable time off product due to high pregnancy rates and low retention which contributed to poor adherence. These factors, combined with low HIV incidence doomed these trials. The cellulose sulfate studies, PRO2000 and Buffergel trials followed suit [28] [29] [30] [31] 36] . Again, apart from standard product use instructions no specialized adherence interventions are described. What was learnt in these studies is that self-report of adherence to product overestimated actual use, poor retention meant lack of access to supplies of product as did time off product due to pregnancy. All these studies utilized a vaginal gel in a coitally dependent dosing strategy.
In 2010, the first microbicide trial (CAPRISA 004) to demonstrate effectiveness was published [37] . The key differences in this study that may have contributed to the successful results are the use of an anti-retroviral agent (1 % tenofovir gel), low pregnancy rates, high retention and the implementation of a motivational interviewing (MI) based ASP for the specific dosing instructions. ''BAT 24'' dosing required women to insert one dose of gel up to 12 h before sex (pre-coitally) followed by a second dose up to 12 h after sex (post-coitally) with no more than two doses inserted in a 24 h period.
A subsequent trial, investigating 1 % tenofovir gel dosed daily, failed to show effectiveness [13] . Based on the low plasma drug concentrations, the authors' state that low adherence directly impacted on outcomes and that in this study, where women were predominately young and unmarried, a longer acting drug for intermittent use may have been easier to adhere to. The VOICE adherence strengthening program (VASP) was used in this trial to support women with adherence issues.
Currently in the field, the FACTS 001 study [38] aims to validate the CAPRISA 004 trial results. The CAPRISA 008 study, a phase IIIb implementation trial [39] is testing a scale up strategy using family planning services to dispense study gel together with contraception and providing posttrial access of 1 % tenofovir gel to participants from the CAPRISA 004 study. The development of a low glycerin formulation of 1 % tenofovir gel enables the safe use of the gel in the rectum where previously the higher osmolar vaginal preparation has caused diarrhea [40] . This formulation is being tested by the Microbicide Trials Network in the MTN 017 study [41] . The dapivirine vaginal ring trials [42, 43] where the vaginal ring requires monthly replacing, hopes to provide a possible solution to previously experienced adherence challenges such as remembering to use a product daily or at the time of sex and replenishing product supply in addition to expanding the available PrEP options for women.
Candidate agents of interest for future trials to prevent HIV infection
In the interests of improving adherence and efficacy, as well as expanding available options to consumers several exciting initiatives are underway to test candidate agents in pre-clinical and phase I trials for the prevention of HIV infection. These include combination products, such as combining two antiretrovirals (dapivirine/maraviroc vaginal ring), the tenofovir vaginal ring, TFV-FTC fast dissolving suppository tablets, dapivirine film/gel, injectable and other multipurpose technologies that combine contraceptives with STI treatments [44] . These candidates potentially improve on adherence challenges by focusing on product formulation characteristics, ease of dosing and synergistic mechanisms of actions.
Discussion
In order for any drug to effectively prevent HIV infection it is essential that adherence to that drug be optimal. Almost all HIV prevention trials conducted to date report adherence to drug prophylaxis as a major challenge to overcome. This is not surprising given that otherwise healthy individuals are being asked to use medication to prevent a disease they may or may not be exposed to. This is an important barrier to overcome because in settings of concentrated or generalized HIV epidemics, where the population at risk of infection can be well characterized, the use of PrEP can have considerable public health benefits [45] .
It is clear from several studies that adherence has a direct impact on PrEP efficacy [12, 13, 16, 20, 21, 24, 37, 46, 47] . Sub-optimal adherence to HIV prevention drugs has been attributed as a primary reason for product and ultimately trial failure [11] . Other important reasons for futility in these types of clinical trials include high on-trial pregnancy rates which reduce time on product and low HIV incidence that make reasonable size trials infeasible. Certainly studies with a high overall retention (C95 %) and low pregnancy rates tend to be more successful because treatment interruptions are reduced. Even in successful studies, it is interesting that adherence and ultimately product effectiveness wanes over time [21, 37] . Nonetheless, the RCT remains the ideal study design to provide the best evidence for efficacy of drugs tested in HIV prevention trials. The studies reviewed are of high quality in terms of study design, conduct and analysis-however the influence of very low adherence on trial outcome cannot be factored into this design apriori. This major limitation, found in all prevention research, is as a consequence of provision of prophylaxis in the healthy and other behavioral complexities, rather than a flaw in the RCT study design itself.
Adherence measures that have routinely been used in prevention studies are patient self -report, counts of the tablets or applicators either at the study visit or unannounced, use of coital diaries and where possible, drug concentration assays. The most subjective of these assessments are the patient self-reports which in almost all trials is an over-estimate of actual use, whereas drug levels provide the most objective method for assessing adherence. In the Partners PrEP trial [12, 48] it was reported that lower/undetectable drug levels are associated with increased risk of HIV seroconversion, similarly in the failed FEM-PREP trial drug levels were much lower in the those who seroconvert whereas in the CAPRISA 004 study vaginal tenofovir concentrations [1,000 ng/ml are associated with HIV protection [49] .
Product characteristics like dosage form and dosage strategy may also affect adherence. Figure 1 illustrates potential barriers to adherence in the three most commonly tested dosage forms: gel, tablet and ring. With the dosing interval/strategy there have been contradictory reports on the preferred intervals where some studies report daily dosing to be easier than coitally dependent whereas others report the opposite. A pilot study evaluating adherence to daily PrEP dosing compared to intermittent dosing (1 dose on Monday and Friday plus a post-coital dose) in MSM and female sex workers found daily dosing to have better adherence [19] . Reasons for this may be difficulty in remembering to take an intermittent dose or lack of opportunity to do so. In addition, almost half the participants reported alcohol use before sex which could impair adherence to the post-coital dose.
An interesting illustration of the contrasting outcomes of the same product, same dosage form (1 % tenofovir gel) in a similar population but with different dosing strategies can be seen in the CAPRISA 004 study [37] and the VOICE study gel arm [13] . These two studies of the same agent (1 % tenofovir vaginal gel) using different dosing strategies (Coitally dependent BAT 24 dosing vs once daily insertion) illustrate how low to no adherence in the VOICE study versus moderate adherence in the CAPRISA 004 study impacted trial effectiveness.
Concerns regarding partner discovery of undisclosed PrEP use may also discourage taking a post-coital dose. Side effects to prevention drugs even if mild may impact on product use and severe reactions will lead to discontinuation. Products that cannot safely be used during pregnancy and breast feeding result in time off product and also limit PrEP options in these women.
Perception of risk of HIV infection will impact on whether a participant is adherent to drug or not. In the FEM PrEP trial, when questioned, 70 % of women did not perceive themselves to be at risk of infection [20] . In contrast, serodiscordant couples in stable relationships within the Partners PrEP and HPTN 052 study understood their risk for HIV acquisition as they were fully aware of their Fig. 1 Potential product dosage form characteristics and dosing regimen barriers to adherence partners HIV status which may have contributed to the higher adherence rates. The frequency of contact with migratory partners that are seen intermittently may make a daily dosed prevention drug seem unnecessary and promotes chronic non-adherence. Young women less than 25 years of age and those unmarried, appear to be most likely to have difficulty adhering to HIV prevention drugs.
Issues of non-disclosure of trial participation, fears of being mistakenly identified as HIV positive or with MSMs unintended disclosure of sexual orientation, may have also influenced the behaviour of individuals where clandestine transport, storage and use of product in the absence of a partners/family knowledge and support or in some cases permission to participate may also contribute to nonadherence. Lastly, although not discussed in the trial outcomes, almost all studies were placebo controlled and unknown efficacy of the drug that one is receiving i.e. is the drug an active or a placebo may contribute to trial participant ambivalence.
Conclusion
The success of drugs for the prevention of HIV infection is dependent on adherence. In clinical trials moderate to high adherence is critical to demonstrate the efficacy of drugs for HIV prevention. For agents that are topically applied, intermittent dosing strategies associated with coitus are more effective than daily dosing, particularly if sex is infrequent or if partners are migrant workers. For oral agents, daily use is effective but the motivation to use the product and a high risk perception is important. Drugs need to be tailored to the population being served and several options to choose from is useful. With serodiscordant couples, early initiation of HAART in the infected partner affords almost complete protection to the negative partner. Adherence is best supported when a combination of factors related to drug choice, dosage form, dosing strategy and participant controlled factors such as perception of risk and appropriate medication taking behavior converge.
